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John P. H l r t h 
P r e s i d e n t J e n n i n g s , g r a d u a t e s , g u e s t s and c o l l e a g u e s . 
I s h a l l comment today on p r i d e , on change, and on c h a l l e n g e . 
Your a c h i e v e m e n t s , b e i n g c e l e b r a t e d h e r e , a r e a s o u r c e o f p r i d e 
f o r y o u r s e l v e s , f o r your f a m i l i e s and f r i e n d s , and f o r your 
p r o f e s s o r s . 
L e t me f i r s t c o n s i d e r the b a s i s f o r t h i s p r i d e . I t i s 
s a i d t h a t t h e most s a t i s f y i n g s u c c e s s o f a t e a c h e r i s t o be 
s u r p a s s e d by one o f h i s s t u d e n t s . I n t h a t c a s e , I am most 
s u c c e s s f u l , because I f e e l t h a t I have been s u r p a s s e d by a l l o f 
you. Indeed, you c o u l d r e g a r d y o u r s e l u e s as t h e most 
s u c c e s s f u l c l a s s e v er t o g r a d u a t e i n the sense t h a t your path 
t o g r a d u a t i o n has been more d i f f i c u l t t han t h o s e o f the c l a s s e s 
t h a t p r e c e ded you. 
As an example, l e t me compare your u n i v e r s i t y days 
w i t h mine. My own freshman math sequence c o n s i s t e d o f a l g e b r a 
and t r i g o n o m e t r y , t o p i c s most o f you took i n h i g h s c h o o l . 
P a r a l l e l s e x i s t i n many areas where not o n l y a r e c o u r s e s more 
advanced, but a l s o the s u b j e c t m a t t e r i s g r e a t l y expanded. Mew 
d i s c i p l i n e s , such as Computer S c i e n c e , have appeared. Even 
e x t r a c u r r i c u l a r a c t i v i t i e s are more demanding. Today's l i t t l e 
l e a g u e s p o r t s teams r e q u i r e more commitment and are b e t t e r 
d r i l l e d t h a n y e s t e r y e a r ' s h i g h s c h o o l o r c o l l e g e teams. 
S u b t l e p r e s s u r e s i n everyday l i f e seem a l s o t o have 
i n c r e a s e d . W h i l e World War I I was o c c u r r i n g i n my f o r m a t i v e 
y e a r s , h e a r i n g o f i t From a r a d i o commentator o r i n the 
newspaper made i t seem somewhat removed and remote. Today, 
w i t h r a p i d w o r l d w i d e TU t r a n s m i s s i o n , the problems o f the day 
appear i n our homes i n the e v e n i n g . 
There are o t h e r examples, but t h e s e s u f f i c e t o show 
t h a t you haue come th r o u g h a more r i g o r o u s t e s t than was the 
case i n e a r l i e r y e a r s . I do note t h a t not e v e r y t h i n g i s 
d i f f e r e n t . O b s e r v a t i o n s made w h i l e w a l k i n g a c r o s s the o v a l , o r 
j o g g i n g a l o n g the r i v e r on a warm s p r i n g day, i n d i c a t e t h a t 
methods f o r the o c c a s i o n a l p u r s u i t o f i d l e n e s s are l a r g e l y 
unchanged. 
L e t me c o n t i n u e w i t h the therne o f change. The pace o f 
change was i m p r e s s e d on me as youth by a f a v o r i t e remark o f my 
grandmother, who was born i n 1876. She would comment on the 
wonder o f t h e t r a n s i t i o n from the horse and buggy...to the 
t r a i n and a u t o m o b i l e . . . t o the a i r p l a n e , i n her l i f e t i m e . She 
l i v e d t o be 94, and a t the end o f her l i f e she added t o her 
l i s t man s t e p p i n g onto the moon. Lo o k i n g back, I now f i n d 
p a r a l l e l advances i n my own l i f e t i m e . The t r e n d s can be 
i l l u s t r a t e d by f o u r examples t h a t t o u c h on my own a r e a o f 
m a t e r i a l s r e s e a r c h . 
In the mi d - 1 9 2 0 1 s , much was known about the s t r u c t u r e 
o f m a t e r i a l s and about the p e r i o d i c i t y o f the ele m e n t s . fit 
t h a t t i m e , t h e famous atomic p h y s i c i s t . Lord R u t h e r f o r d , 
a d v i s e d young s t u d e n t s not t o pursue a c a r e e r i n p h y s i c s 
because a l l o f the i m p o r t a n t problems had been s o l v e d . F i v e 
y e a r s l a t e r came the d i s c o v e r y o f quantum wave mechanics, w i t h 
i t s p r o f o u n d e f f e c t on f u n d a m e n t a l u n d e r s t a n d i n g i n the 
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p h y s i c a l and b i o l o g i c a l s c i e n c e s . 
I w i t n e s s e d a s i m i l a r l a c k o f f o r e s i g n t j u s t two 
months ago, w i t h r e g a r d t o s u p e r c o n d u c t i v i t y , where an 
a nalogous advance has been d i s c u s s e d r e c e n t l y i n t h e 
newspapers. When s u p e r c o n d u c t i v i t y was d i s c o v e r e d 75 years 
ago, the maximum c r i t i c a l t e m p e r a t u r e f o r s u p e r c o n d u c t i o n was 7 
degrees above a b s o l u t e z e r o f o r the m e t a l l e a d . By the 1960's 
t h i s had advanced t o about 25 degrees above z e r o f o r m e t a l l i c 
compounds, but i t s t u c k a t t h a t l e v e l , s t i l l r e q u i r i n g t h e use 
o f s c a r c e and e x p e n s i v e l i q u i d h e l i u m t o a c h i e v e 
s u p e r c o n d u c t i o n . 
I n J a n u a r y , 1987, t h e N a t i o n a l Research C o u n c i l met t o 
c o n s i d e r f u t u r e needs and o p p o r t u n i t i e s f o r m a t e r i a l s . The 
w r i t t e n r e p o r t on the e l e c t r i c power i n d u s t r y s t a t e d t h a t the 
p r o s p e c t s f o r s u p e r c o n d u c t i n g power t r a n s m i s s i o n were b l e a k and 
c o u l d be d i s m i s s e d because of t h e l a c k o f p r o g r e s s i n r e s e a r c h 
t o i n c r e a s e the c r i t i c a l t e m p e r a t u r e . On the v e r y day o f t h e 
m e e t i n g , i t was announced new compounds had been d e v e l o p e d w i t h 
c r i t i c a l t e m p e r a t u r e s o f 40 degrees above z e r o . One month ago 
t h i s v a l u e was i n c r e a s e d t o 98 degrees above z e r o . 
The r a c e i s now on a t every major r e s e a r c h i n s t i t u t i o n 
i n t h e w o r l d , i n c l u d i n g OSU, t o push the t e m p e r a t u r e up f u r t h e r 
w i t h the g o a l b e i n g room t e m p e r a t u r e . A l r e a d y t h e r e a r e 
enormous i m p l i c a t i o n s f o r more e f f i c i e n t and enhanced power 
g e n e r a t i o n and power t r a n s m i s s i o n . A f r i c t i o n l e s s h i g h speed 
t r a i n m a g n e t i c a l l y suspended above the r a i l s and r i d i n g on an 
a i r c u s h i o n c o u l d a l s o become e c o n o m i c a l l y f e a s i b l e . 
These two examples show the unwisdom o f p r e d i c t i n g 
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t h a t " I t c a n ' t be clone." Two o t h e r examples emphasize t h e 
i m p o r t a n c e oF s i z e s c a l e . You have w i t n e s s e d the e x p l o s i v e 
i n c r e a s e i n computer use i n r e c e n t y e a r s . Uon Neumann's f i r s t 
computer a t Los Alamos, i n the 1940 war y e a r s , used m e c h a n i c a l 
r e l a y s f o r i n f o r m a t i o n s t o r a g e , w i t h a c h a r a c t e r i s t i c s i z e per 
u n i t o f about one c e n t i m e t e r o r the span o f a f i n g e r n a i l , 
Today's m i c r o c h i p s have t r a n s i s t o r s o n e - t e n - t h o u s a n d t h as 
l a r g e , t h a t p e r f o r m the same f u n c t i o n , Some of you may have a 
p o c k e t c a l c u l a t o r w i t h you. An e q u i v a l e n t d e v i c e , u s i n g the 
m e c h a n i c a l r e l a y s o f Uon Neumann, would be the s i z e o f S t , John 
Arena. 
M i c r o s c o p y i s a n o t h e r i l l u s t r a t i o n o f d i f f e r e n c e s i n 
s i z e s c a l e . I n 1950, the maximum m a g n i f i c a t i o n a t most 
l a b o r a t o r i e s was a c h i e v e d w i t h o p t i c a l m i c r o s c o p e s t h a t would 
r e s o l v e about o n e - m i l l i o n t h o f a meter, r o u g h l y the s i z e o f the 
t r a n s i s t o r s i n t h e p r e v i o u s example. Today, an a d d i t i o n a l 
f a c t o r o f 10,000 i n r e s o l u t i o n has been a c h i e v e d w i t h e l e c t r o n 
microscopes,, f i e l d i o n m i c r o s c o p e s and t u n n e l i n g m i c r o s c o p e s . 
We now can r e s o l v e s i n g l e atoms i n m e t a l s and i n o r g a n i c 
c r y s t a l s , w i t h i m p o r t a n t a p p l i c a t i o n s i n i m p r o v i n g m a t e r i a l 
p r o p e r t i e s . One a l s o can r e s o l v e the s p i r a l form o f o r g a n i c 
s t r u c t u r e s such as DNA and RNA w i t h g r e a t i m p l i c a t i o n s f o r 
b i o t e c h n o l o g y . 
There have been analogous advances i n many f i e l d s . 
For a few examples: The green r e v o l u t i o n i n a g r i c u l t u r e , the 
p o s s i b i l i t y o f g e n e t i c a r c h i t e c t u r e i n b i o s c i e n c e , v i r o l o g y and 
immunology i n m e d i c i n e , and t h e new view o f the u n i v e r s e i n 
Astronomy and P h y s i c s . I n t h e a r t s we have modern forms i n a l l 
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a r e a s . There are even improvements i n p h y s i c a l s k i l l s , w i t h 
today's a t h l e t e s b e i n g b i g g e r , f a s t e r and s t r o n g e r than those 
of t h e p a s t . 
In some a r e a s , however, p r o g r e s s i s not so e v i d e n t , 
I f we compare a p l a y by A r i s t o p h a n e s o r by Ska k e s p e a r e w i t h a 
c u r r e n t drama, we can q u e s t i o n whether humans get a l o n g w i t h 
one a n o t h e r any b e t t e r than they d i d i n the tim e s o f e a r l y 
c i v i l i z a t i o n . A l s o , e x p o n e n t i a l growth can p r e s e n t g r e a t 
problems. For one example, atomic energy h o l d s f o r t h both 
promise and t h r e a t . For a n o t h e r , d e m o g r a p h i c a l l y , o n e - h a l f o f 
the human b e i n g s ever born a r e a l i v e today and growth i s 
p r o j e c t e d t o c o n t i n u e , A l s o i n c r e a s i n g are both t h e use o f 
n a t u r a l r e s o u r c e s and the per c a p i t a r a t e o f consumption o f 
n a t u r a l r e s o u r c e s . Hence, one wonders whether we a r e 
a p p r o a c h i n g l i m i t s o f growth i n the s e a r e a s . There a r e 
e c o l o g i c a l c o n c e r n s w i t h waste d i s p o s a l , w i t h c l e a n w a t e r , and 
w i t h i n t e r a c t i o n s w i t h the atmosphere and i o n o s p h e r e . 
Analogous growth problems o c c u r i n many f i e l d s . 
Thus, problems e x i s t and they may grow more s e v e r e . 
However, as Emerson has t o l d us, such problems s h o u l d be f a c e d 
w i t h o p t i m i s m , f o r i t i s a t the times when problems seem the 
most unsurmountable t h a t man's g r e a t e s t advances a r e made. 
I t i s c l e a r from t h e s e examples, t h a t t h e r e i s no 
q u e s t i o n t h a t the w o r l d w i l l be d r a m a t i c a l l y a l t e r e d i n twenty 
y e a r s , when you are e n t e r i n g your m i d - c a r e e r s . T h i s then i s 
the c h a l l e n g e : t h a t you r e g a r d your g r a d u a t i o n today not as an 
end t o e d u c a t i o n , but r a t h e r as an i n d i c a t i o n t h a t you a r e 
p r e p a r e d t o c o n t i n u e t o educate y o u r s e l v e s t o d e a l w i t h a 
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c h a n g i n g w o r l d . 
As a f i n a l word, t h e n , c o n g r a t u l a t i o n s on your s u c c e s s 
... go f o r t h and be s u c c e s s f u l ! 
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